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ABSTRACT - Presurgical evaluation for patients with drug-resistant epilepsy
requires the definition of various zones that have a variable spatial relationship
with the epileptogenic zone. All the available mehods to directly measure the
actual seizure-onset zone and to define “the minimum amount of cortical tissue
that must be resected to produce seizure-freedom” have significant limitations.
We report on the case of a patient with dual pathology (hippocampal sclerosis
and a post-traumatic scar) and discuss the contribution of the various presurgi-
cal investigations that led to surgery and seizure-freedom.
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In order to define the “practical ac-
tual” epileptogenic zone at each step
of the pre-surgical evaluation (Liders
et al. 2006), a hypothesis has to be
made based upon the anamnestic ictal
phenomenology, clinical ictal pheno-
menology, scalp interictal and ictal
video-EEG  recordings, anatomical
and functional brain neuroimaging
findings. The hypothesis raised at each
step may have to be modified on the
basis of information provided by the
next step of the investigation. Thus,
the clinical-electroencephalographic-
anatomical-functional  correlations
lead the clinician to construct a hypo-

thesis based upon the “theoretical”
and “practical” epileptogenic zone. In
some cases, such a hypothesis needs
to be confirmed by depth recordings;
the stereo-EEG method is based on the
tailored implantation of depth electro-
des (see Kahane et al. 2006). During
the pre-surgical evaluation, the fol-
lowing five areas (Carrefo and Liiders
2001) are measured using different
diagnostic techniques: the irritative
zone (“area of cortex which generates
interictal activities”); the seizure-
onset zone (“area of cortex that initia-
tes clinical seizures”); the symptoma-
togenic zone (“area of cortex which,
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Figure 1. Seizure semiology.

when activated, produces the initial ictal symptoms or
signs”); the epileptogenic lesion (“macroscopic lesion
which is causes the epileptic seizures by secondary hype-
rexcitability of adjacent cortex”); the functional deficit
zone (“dysfunctional area of cortex during the interictal
period, producing neuropsychological deficits”). The
team in charge of the pre-surgical evaluation uses this
information to suggest the location and extent of the
practical, epileptogenic zone. We report on a case with
dual pathology, illustrating this step-by-step procedure of
the pre-surgical evaluation.

Anamnesis and seizure phenomenology

Marceline is a 34-year-old, right-handed, female patient.
There is no family history of epilepsy, or any personal
history of febrile seizures. At the age of three years, she
presented an acute, symptomatic seizure after a severe
head trauma. She then remained seizure-free for more
than 20 years. At 27 years of age, she started experiencing
episodes described as an epigastric aura, a sensation of
fear, polypnea, right-hand automatisms, verbal automa-
tisms, urge to urinate, without loss of contact. There was
no post-ictal aphasia, no prolonged confusion, but amne-

sia of the seizure event was frequent. Despite several
antiepileptic drug trials (carbamazepine, oxcarbazepine,
levetiracetam, topiramate, lamotrigine), on monotherapy
or in combination, the frequency of the seizures varied
from four to 10 per month.

What can we learn at this stage from the analysis of the
symptomatogenic zone?

Can we formulate an hypothesis on the “practical” epilep-
togenic zone?

Symptomatogenic zone: initial onset
and propagation signs

Epigastric aura and fear, although rarely reported in extra-
temporal epilepsy, they are frequently associated with a
symptomatogenic zone in the hippocampo-amygdalo-
insular network (Fried et al. 1995, Kotagal et al. 1995,
Maillard et al. 2004).

Polypnea can also be related to the hippocampo-
amygdalo-insular network, particularly the insular cortex
(Isnard et al. 2000, 2004; Ostrowsky 2000).

Right-hand automatisms suggest a symptomatogenic zone
in the left hemisphere and can be related to an ictal
imbalance between temporal and frontal lobe (Maillard et
al. 2004).
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Urge to urinate suggests a symptomatogenic zone in the
non-dominant hemisphere, with an involvement of
temporal or fronto-temporal regions (Baumgartner et al.
2000, Loddenkemper et al. 2003).

Absence of loss of contact with verbal automatisms is not
specific to any lobe, but it probably suggests the absence
of extended propagation towards other cortical or sub-
cortical structures. (Gloor 1986, Lux et al. 2002, Blumen-
feld and Taylor, 2003, Maillard et al. 2004).

Absence of post-ictal aphasia. Early post-ictal neuropsy-
chological examination and modalities of recovery can
provide valuable information regarding the eventual func-
tional deficit related to the seizure onset zone and propa-
gation. Post-ictal aphasia is usually observed following
focal seizures primarily or secondarily involving the domi-
nant hemisphere. The absence of post-ictal aphasia, al-
though not specific, might point to an epileptogenic zone
in the non-dominant hemisphere (Saint-Hilaire and Lee
2000, Maillard et al. 2004).

Absence of prolonged confusion and amnesia of seizure
events. Temporal lobe seizures frequently spread to the
contra-lateral hemisphere and are usually associated ei-
ther with post-ictal, prolonged confusion or transient spe-
cific amnesia or isolated amnesia of part or all the seizure,
even in the absence of loss of contact or consciousness

Definition and localization of the epileptogenic zone

during the event. It can be explained by a bilateral activa-
tion or inhibition of the Papez circuit (Gloor, 1986, Lux et
al. 2002, Blumenfeld and Taylor, 2003).

Hypothesis on the “practical” epiletogenic zone

On the basis of all the above arguments, the actual
seizure-onset zone could be the right temporo-mesial
region, with a spread to the ipsilateral insula and temporal
neocortex, and to the contra-lateral hemisphere.

Video ictal phenomenology

Four informative seizures were recorded, which were very
similar to those previously described by the patient and
her family (figure 7). The additional observation made
during review of videos was that the hand automatisms
were bilateral, and in some seizures oral automatisms
were present. No focal tonic or dystonic movement was
observed. There was neither post-ictal confusion nor
aphasia, but we were able to confirm a partial amnesia of
the episode.

Our initial hypothesis on the “practical” epiletogenic
zone is not modified following video-EEG recording of
ictal phenomenology.

k| o | (] k| | F| [

:Hoas

% |35 Hz

) wlag=lel oM |&

Sl - 1

FP1-Ref
F3-Ref
C3-Ref
P3-Ref
O1-Ref
F7-Ref
T3-Ref
T5-Ref
FBG-Ref

Fz-Ref
Cz-Ref
Pz-Ref
FP2-Ref
F4-Ref
C4-Ref
P4-Ref
O2-Ref
F8-Ref
T4-Ref
T6-Ref
FBD-Ref
TBD-Ref
ECG

5 6 7
*My*“!aM}JJfmMhHW*M““Uﬁw\wbvﬁvaw.Amﬁwq?ﬂ’—ﬁﬂw’~‘¥

e

ﬁHMM“_QMWNMJM*Tvﬂﬁ*wM$umM”qv-MW#¥FMJ4MJ¥%#WﬂW“M”“&ﬁwvAw”“wﬁyﬂ"mﬂkwwﬂhw¢dM~4UW‘@wwhMlhﬁwhﬂwﬁJhMHJ*
o A Pt i oo o A s A ey A g g et ety o

8 9 10 11 12 13 14 16 17 18

Sy

Al g 0 ot

TBG-Ref

__* i | ]
1l W I 1

[r2025¢

] : T

L L Ll T
15 16 17 18

<> P> O

Figure 2. Interictal scalp EEG: left temporal spikes (circled), FBG (left frontobasal electrode), FBD (right frontobasal electrode), TBG (left
temporobasal electrode), TBD (right temporobasal electrode).
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Figure 3. Interictal scalp EEG: bilateral sharp waves.

Inter ictal EEG

Inter-ictal EEG (figures 2 and 3) showed left temporal
spikes during awakening and sleep, and bilateral sharp
waves.

What additional information do we have following analy-
sis of the irritative zone?

Do we have to modify our initial hypothesis on the “prac-
tical” epiletogenic zone?

The irritative zone clearly involved the left temporal lobe
with left temporal spikes. This was not in total contradic-
tion with our initial hypothesis (right temporal lobe seizure
spreadingto the left). However, it was surprising not to find
only sharp waves in the right temporal region, which was
presumed to be the seizure-onset zone.

Ictal EEG

See figure 4.
What additional data did we obtain from the analysis of
ictal EEG ?

Figure 4. Ictal scalp EEG: A) Seizure-onset, tachycardia, depression of EEG activity as regards TP8, T4.

Although not definitive, initial depression of the EEG activ-
ity over the right temporal lobe (TP8, T4) with concomitant
tachycardia was compatible with the hypothesis of a
seizure-onset zone in the temporo-mesial structures. Bilat-
eral theta activity predominating on the right hemisphere
was also in accordance with the hypothesis of a right
neocortical propagation followed by propagation to the
left hemisphere. Consequently, at this step, our hypothesis
on the “practical” epileptogenic zone is still valid.

Structural neuroimaging MRI
(epileptogenic lesion)

There was a clear, dual pathology with right hippocampal
sclerosis and a right posterior, possibly post-traumatic,
scar. These new elements make it difficult to known if the
right posterior, post-traumatic scar could participate in the
actual seizure-onset zone or in the potential seizure-onset
zone (figure 5).

B) Bilateral depression of EEG activity,

rhythmic theta activity on the right hemisphere. C) Bilateral rhythmic theta activity predominating over the right hemisphere and the temporal
regions. D) Seizure ending on the right hemisphere. E) Seizure ending on the left hemisphere.

S70

Epileptic Disord Vol. 8, Supplement 2, August 2006



Definition and localization of the epileptogenic zone

x| offw < e[ [x B cfrcfpe xl%%{“l‘alell-ll EEETE] = I
EP1-Ref 55 56 57 58 59 0 e (achycardie initia 5 ’
F3-Ref
C3-Ref
P3-Ref
O1-Ref
F7-Ref
T3-Ref
T5-Ref
F9-Ref
TP9-Ref
FP2-Ref
F4-Ref
C4-Ref
P4-Ref
O2-Ref
F8-Ref
T4-Ref
T6-Ref
F10-Ref

TP10-Ref 'y e ‘WWWMMW
Fz-Ref m:mmwmwwmwwww
Cz-Ref WWWWWMMWM
Pz-Ref WWMWMWT L + R
Oz-Ref MWWMWMWWWW«M

FCH-Ref e bomsutimitop ot ieay Sl AR I s AN A AN Ay NI P e 00

TP-Ref  wstrmest st h e romrsitbonstle e e h
PO6-Ref g A i1 .
P6-Ref A o [Fer i & i i, o, RO PR PR | T S e Y
ECG

[ — F U DR W WY I .
l I 9 T T]O | 1‘ I 12‘ '13 ' '14
Y R N 2]

|

[10:55:54

_l_lmﬂ]_rwm ‘I'm :I“”‘ |—‘#|“|®'|Ol“|@|é| |_1_Im| ‘

FP1-Ref oot

P4-Ref - s
O2-Ref ) 1 - ¥ =

F8-Ref - - wm
T4-Ref - ey

T6-Ref W’WWMMWW%
F10-Ref =t grycnnd et bt P by o

TP10-Ref WMWMM

e e A [ e B B BT

F3-Ref
C3-Ref 4B m ety
P3-Ref B B e e L8 e L
O1-Ref ¥ i e AT T MMW
B eeemamees BATR~suaod 0w o e Ve 5 A, e VAR St Wl 44
T3-Ref - L ey A L A o oo™
T5-Ref  sdinpionimnnnmnstphodition, T W S J‘MWMW"«
F9-Ref - o Mwwm% o ,,mmw
TP9-Ref s = NP AR IR o e
FP2-Ref s gy mseamteres ] -ww WU"
F4-Ref DR . St adiane' e \“’”‘:ﬁ:
C4-Ref it e SASne Ik ey W

e T

Cz-Ref . e it i i T e
Pz-Ref =~ === P * hFopt

Oz—Ref B e e I e R S e

FC6-Ref Hirmppre A it ey,

B N T e s e s

3?%%%}%%%@

POG-RES A amsthtinsarstemyrotiessemmptre iy e oo e b sty et [l ot i I P e o ] NS e
P6-Ref w WWW.J«I“"-—‘" e
ECG Wﬁ—* L0 T TV A O e o 0 I e e It el LR B v el
15 6 7 18 19 0 21 22 23 ~124 25 26 27 28 2 33 34

- 1 |
103614 pos '” T |K|<I> » |,| o

Epileptic Disord Vol. 8, Supplement 2, August 2006 S 71



S. Chassagnon, et al.

FP1-Ref
F3-Ref
C3-Ref
P3-Ref
O1-Ref
F7-Ref
T3-Ref
T5-Ref
F9-Ref
TP9-Ref
FP2-Ref
F4-Ref
C4-Ref
P4-Ref
O2-Ref
F8-Ref
T4-Ref
T6-Ref
F10-Ref
TP10-Ref
Fz-Ref
Cz-Ref
Pz-Ref
Oz-Ref
FC6-Ref
TP8-Ref
POG—Ref et
P6-Ref

Aol ]~z =

4C

S IERESRESINREGRRINE.

‘Fss

> "35 Hz

| ) Bg =

SEIEIE =

Mﬂlmnnﬂm-
r\ Jv'hwm
Ny

ECG

St

5 36 38 3 40 4 42 4

I 5

e N
o]
A
N,
prebae

3

kY

T

RAM+ a

SaraERe
Wm

} _

A}

52 53

[10:56:34

(Cliguaz ici pour commencer

0s

AP0

FP1-Ref
F3-Ref
C3-Ref
P3-Ref
O1-Ref
F7-Ref
T3-Ref
T5-Ref
F9-Ref
TP9-Ref
FP2-Ref
F4-Ref
C4-Ref
P4-Ref
O2-Ref
F8-Ref
T4-Ref
T6-Ref
F10-Ref
TP10-Ref
Fz-Ref
Cz-Ref
Pz-Ref
Oz-Ref
FC6-Ref
TP8-Ref
PO6-Ref
P6-Ref
ECG

ﬂ gkmhe - ﬂl:r [fSvimm

‘F.Ss

'Issm

) w)sg =

ew\ le en\ m 7[

[N r
mh WMM,

"réponse orientee

e e

x
=

3

PE AL
"i?

T

i

=

i’iﬁ%
%
|

iy
= 1 g

$i

3
S
e

‘ MM

g

1 pour d

les brulures

bt et OO b A S
-y bt e, p g e

8 9 10 11 12 13 14

[10:56:54

2095 :lT

R ke

S72

Epileptic Disord Vol. 8, Supplement 2, August 2006




Definition and localization of the epileptogenic zone

ﬂﬂ“ﬁﬂrﬁ v ‘"035

- "35 Hz

=]

,||a

2 wl‘m{-~|®,|Q

SOCET -

20
FP1-Ref ! “-“’-’“Mﬂ m
F3-Ref ™
C3-Ref ~~ 4E
P3-Ref
O1-Ref g
F7-Ref W
T3-Ref
T5-Ref
F9-Ref
TP9-Ref
FP2-Ref
F4-Ref
C4-Ref
P4-Ref
O2-Ref
F8-Ref
T4-Ref
T6-Ref
F10-Ref
TP10-Ref
Fz-Ref
Cz-Ref
Pz-Ref
Oz-Ref
FC6-Ref
TP8-Ref
PO6-Ref

P6-Ref A "
" + ¥ Ll RN
ECG Al

\-.W“"\%

iffic u\[e\ 1n~pun4h 4

Inm

W

Wﬂ\q-—f“

e

24 10[154m|r:miqlizl Jm""jlw

5 16 17 18 19 20 21 2
205 :||

Jo:57:14

| im0

Inter ictal and ictal SPECT
(Functional deficit zone and actual seizure-
onset zone)

Analysis of the interictal SPECT showed hypoperfusion
predominantly in the right temporo-polar and temporo-
mesial regions with less striking findings in the posterior
temporal neocortical region (figure 6).

Ictal SPECT showed a normalization of the previously
hypoperfused regions. These data are in accordance with
our previous hypothesis on the prominent role of the right
temporal lobe

FDG and flumazenil PET
(Functional deficit zone)

The FDG PET showed a right temporo-mesial hypome-
tabolism involving the temporal pole, amygdala and right
hippocampus. Flumazenil PET shows a more limited dimi-
nution of Flumazenil fixation to the right hippocampus.
These data, showing a functional deficit zone limited to
right temporo-mesial structures, suggest that the actual
seizure onset could be limited to right mesio-temporal
structures but the potential epileptogenic zone could be
larger (figure 7).

Neuropsychological evaluation and MRI
spectroscopy of the temporal posterior
lesion (functional deficit zone)

Right-handed patient; verbal 1Q 80; visual 1Q 96; global
1Q 85; Weschler: verbal memory 91; visual memory 102.
MRI spectroscopy failed to demonstrate a specific abnor-
mality in the region of the right posterior lesion.

There was a difference between this right-handed patient
verbal 1Q and visual 1Q. However, the Weschler test
showed no major memory deficit. Consequently, we
could exclude that the discrepancy between her verbal
and visual 1Q was related to a functional deficit of the left
temporal lobe.

Conclusions of the non-invasive phase

Hypothesis on the “practical” epiletogenic zone: from all
the above arguments, the actual seizure onset could be the
right temporo-mesial region, with a spread to the insula,
temporal neocortex and the contra-lateral temporal lobe.
Two possibilities were discussed:

—A right temporal lobectomy or hippocampo-
amygdalectomy without further investigations;

— An invasive stereo-EEG recording in order to distinguish
or differentiate the actual practical epileptogenic zone
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Figure 5. Structural neuroimaging MRI: Right hippocampal sclerosis and a right posterior post-traumatic scar.

from the potential epileptogenic zone that might also
involve: the right insula, right fronto-orbital region, right
posterior temporal lesion, or even the left temporal lobe.
Because of the discrepancies already discussed, it was
decided to perform stereo-EEG monitoring, with a tailored
implantation of depth electrodes. The aim of the stereo-
EEG recording was to better define the localization of the
interictal EEG abnormalities, the seizure-onset zone and
the early propagation zone (figure 8).

Interictal stereo-EEG data (irritative zone)

Interictal EEG abnormalities, spikes, poly-spikes were re-
corded in the right temporal pole, amygdala, anterior and
posterior part of the hippocampus and para-hippocampal
gyrus. Rare spikes were recorded over the left hippocam-
pus. No SEEG abnormalities were recorded over the in-
sula, occipto-temporal junction, fronto-orbital region.
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SPECT ECD

Figure 6. Interictal and ictal SPECT.

FDG PET

Figure 7. FDG and flumazenil PET.

Ictal EEG data (actual seizure-onset zone
and early propagation zone)

The seizure-onset zone involved, the amygdala, anterior
hippocampus, right temporal pole and the anterior part of
the temporal neocortex. Within 30-40 seconds, there was
propagation to the fronto-orbital region and left hippoc-
ampus. Fast activity of low voltage, being probably indica-
tive of the “actual” seizure-onset, was only seen in the
amygdala-hippocampus-temporal pole complex, while

the insula and the lesion (the occipito-temporal junction)
were secondarily involved (60 seconds later), mostly on a
slow mode of discharge.

Conclusion

Stereo-EEG recordings allowed to further investigate the
“potential epileptogenic zone” during pre-surgical evalu-
ation (Carreno and Luders 2001). The “actual epileptoge-
nic zone” was considered to be limited to the right anterior

Epileptic Disord Vol. 8, Supplement 2, August 2006
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Figure 8. Electrodes Y investigate the right insula, O orbito-frontal region, L “posterior temporal lesion, A right Amygdala, B, D right ant.

post-hippocampus, B’ left hippocampus. I right temporal pole.

and mesial temporal lobe (pole, hippocampo-amygdalo-
parahippocampal cortices), excluding the right temporal
posterior scar. Epilepsy surgery of the “actual epileptoge-
nic zone” was performed. Two years after surgery the
patient remains seizure-free. [
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